Introduction
In Central and Northern Europe, it is expected that flood risk will increase as a result of climate change and socioeconomic development, such as increasing flood plain occupancy (e.g. Hall et al., 2003; CEA, 2005; Kundzewizc et al., 2005) . Risk is defined here as the combination of the probability of a particular event and of the damage that this event would cause if it occurred (Kron, 2005) . Effective compensation schemes for flood damage may ameliorate the impacts of flooding. Even though insurance markets in the European member states are regulated by various directives (e.g. EC, 2007) , their flood loss compensation schemes differ (Schwarze and Wagner, 2009 ). These differences have partly arisen out of varying views on the roles that private insurers or the public sector ought to play in the compensation of natural disaster losses, but may also be influenced by the different characteristics of the flood risk faced by member states (Bouwer et al., 2007) .
A possible obstacle for an adequately functioning flood insurance system is that individuals need to "play their role" in the system and buy insurance. Several studies have shown that in practice many people do not make the rational tradeoffs between the costs of insurance and its expected benefits in terms of reduced risk as has been assumed by expected utility theory, which is the traditional economic theory of individual decision-making under risk (Kunreuther, 1984; Kunreuther and Pauly, 2004; Krantz and Kunreuther, 2007) . For instance, many homeowners in the USA do not purchase flood insurance even for premiums that are close to the expected loss or that are in some instances even subsidised (Dixon et al., 2006) , while expected utility theory predicts that risk-averse individuals would purchase insurance for such premiums. An explanation for this behaviour is that these individuals neglect the low-probability flood risk. But it has also been observed that many people overestimate lowprobability high-impact risk, and purchase insurance against such risk even if premiums are considerably above the expected loss (McClelland et al., 1993; Botzen and van den Bergh, 2009; Laury et al., 2009 ). These behavioural biases, which are rooted in prospect theory, may be less severe in the case of medium-probability medium-impact flood risk (Botzen and van den Bergh, 2009 ).
I. Seifert et al.: Influence of flood risk characteristics on flood insurance demand
This study examines how characteristics of flood risk influence household flood insurance demand. This is done by comparing results of stated preference surveys of flood insurance demand in the Netherlands, where floods have a very low probability but can be catastrophic, with a similar survey conducted in Germany where flood probabilities are higher than in the Netherlands and flood impacts are likely to be less severe. We believe that the comparison of flood insurance demand between the Netherlands and Germany is of special interests for three main reasons: (1) these countries have very different levels of flood risks which provides an interesting case study for examining how these differences influence demand for flood insurance; (2) these bordering countries have in general rather similar cultures which allows for comparing flood insurance demand against the background of differences in flood risks; and (3) in both countries there have been discussions to change existing arrangements for flood loss compensation and insights into flood insurance demand provide useful information for such discussions.
Differences in flood risks between Germany and the Netherlands are likely to result in differences between individual experiences with flooding and flood risk perceptions in these countries, which are commonly regarded as important factors influencing flood insurance demand (Kunreuther et al., 2009 ). Moreover, differences in risks may have influenced the different flood loss compensation schemes that are in place in Germany and the Netherlands. In this study we will examine how flood experience and flood risk perceptions influence flood insurance demand given the different characteristics of flood risks between these countries and institutional arrangements for compensation of flood losses.
In general, insurance coverage for flood damage is excluded from the usual property insurance policies in the Netherlands, but households may receive partial compensation for flood damage from the government. Flood insurance could provide more certainty for obtaining financial compensation for flood damage than the government compensation which is uncertain. Private insurers provide coverage against flood damage in Germany, albeit to a limited extent. On particular occasions the German government provided generous relief of flood damage . The compensation schemes in both countries have been criticised as being inefficient 1 to accommodate the expected increase in future flood risk, and suggestions have been made that insurers take on a larger role in flood loss compensation. In particular, a public-private flood insurance has been proposed for the Netherlands (Jongejan and Barrieu, 2008; Botzen and 1 The compensation scheme in the Netherlands has been criticised for its uncertainty about whether flood damage will be compensated, and if so how much compensation will be provided. Moreover, the compensation scheme does not provide incentives to households to adequately prepare for flooding and take measures that limit flood damage. An often-mentioned problem with the German flood insurance system is that the market penetration is low (see Sect. 2). van den Bergh, 2008) , while a compulsory public-private natural disaster insurance has been discussed for Germany (Schwarze and Wagner, 2007) . It is, therefore, of interest to arrive at insights into whether sufficient demand exists for the proposed flood insurance in the Netherlands, and whether natural disaster insurance in Germany should be made compulsory. Such insights can be useful for policy makers who are involved in the design of flood insurance schemes and for insurance companies, while several of our hypotheses that will be tested (Sect. 3) may be of interest for fellow scientists.
The remainder of this paper is structured as follows. Section 2 examines characteristics of flood risks and describes the financial arrangements for compensation of flood damage in Germany and the Netherlands. Section 3 outlines the theoretical framework. Section 4 describes the surveys used to collect data on flood insurance demand and the statistical methods applied. Section 5 provides the results. Section 6 concludes.
Flood risk and arrangements for compensating flood damage in Germany and the Netherlands

Characteristics of flood risk in the two countries
Germany and the Netherlands face similar flood hazards; both countries are at risk of storm surges, river floods and flash floods (Berz et al., 2001; Jonkman, 2005; Kron, 2005) . However, flood risk, in terms of flood probability and damage, is different in these two countries, as is apparent from Table 1 . We define a flood as the inundation of land that is normally dry, which is caused by high water levels in rivers or high levels of sea water resulting from storm surge. Flood probabilities differ because of distinct water management practices, which may be explained by differences in topography. In the Netherlands most areas are located below sea level or in the potential flood zone of a river. The lowlying areas in the Netherlands need to be protected by flood protection infrastructure to prevent flooding, which has resulted in higher flood protection standards, i.e. lower probabilities for inundation, than in Germany. As an illustration, flood protection standards are between the probabilities of 1/10 and 1/100 in the German part of the Elbe River (IKSE, 2003) , and 1/200 to 1/500 in the German part of the Rhine River with an exceptionally high protection standard up to 1/1000 at parts of the upper Rhine River in Germany (te Linde et al., 2011) . German coastal flood protection varies between 1/100 at the Schleswig-Holstein North Sea coast and 1/400 in the city of Hamburg (Policy Research Corporation, 2009 ). The organisation and administration of flood defence in Germany is the sole responsibility of the state governments. Hence, decision-making on safety standards does not follow a uniform path but is driven by many individual political decisions in the different states. Flood protection standards are between 1/1250 and 1/10 000 (near the coast) in the Netherlands (Aerts et al., 2008) . Flood protection standards in the Netherlands were determined after the major flood disaster in 1953 and these standards were guided by a cost-benefit analysis (van Dantzig, 1956 ). These higher flood protection standards in the Netherlands are justified from an economic perspective since potential flood damage is larger than in Germany. This can be explained by the potentially large areas that can be inundated in the flat river valleys in the Netherlands with wide flood plains, such as the lower Rhine delta. Moreover, the Netherlands is almost twice as densely populated as Germany and has a high concentration of economic values in the river delta, so that the financial exposure to flooding is large. In Germany, the area potentially affected by river floods is comparatively small, because many river valleys in the south and central parts of the country are narrow. Nevertheless, a HQ 100 Elbe River flood event would flood more than 1000 km 2 in Germany and would affect about 34 000 people in 53 cities (IKSE, 2001 (IKSE, , 2003 .
As an illustration of the differences in potential damage, the Rhine Atlas estimated that total potential flood damage along the Rhine is C 34 billion in Germany and C 131 billion in the Netherlands (ICPR, 2001) . 2 Apart from the potential damage of river flooding, damage caused by the overtopping or failure of coastal protection may result in catastrophic damage in the Netherlands of up to C 100 billion or more (Aerts et al., 2008) .
The insurability problem of flood risk
Flood risks, like storm surges and river floods, are characterised as low-probability high-impact events, which are difficult to insure in private markets (Kron, 2009 ). Insurability of low-frequency flood risk is more complicated than, for example, fire risk, since uncertainty about flood risk is relatively large. This is the case because fires occur more regularly than extreme floods, which implies that more historical loss observations of fire are available on which insurance premiums can be based. Moreover, an important problem with insuring flood risk is that the individual risks are not independent of the occurrence of the risk in time and space. Flood risks are correlated, which means that insurers can suffer many losses during a single flood event. In other words, the law of large numbers -that implies that the variance of the mean value of loss declines if more independent risks are pooled -does not apply, and the volatility of losses may increase if more insurance policies are sold (Grossi and Kunreuther, 2005) . This may be especially prob-lematic when insuring floods in regions with a high potential damage where total claims can be larger than the underwriting capacity of insurers. Insuring correlated flood losses is costly which implies that insurers may only provide flood insurance if they can charge premiums that considerably exceed the expected flood loss (Kunreuther et al., 2009) . Moreover, demand for insurance products needs to be sufficiently high so that enough revenue is generated to pay for the reimbursements of claims.
Financial arrangements for flood damage in Germany
Most insurance companies in Germany offer an optional insurance coverage for natural hazards -including floods -in addition to the standard building or household contents insurance. The natural hazard insurance in Germany bundles the risks of flooding, earthquake, land subsidence, landslide, snow pressure, and avalanches (König, 2006) . To support decisions of insurers as to whether, and under what conditions, a property can be insured, the German Insurance Association (GDV) developed a zoning system called "ZÜRS", which is based on flood maps, in order to distinguish areas with a different flood probability (GDV, 2008; ). The majority of properties are located in exposure zone 1 (with a flood probability lower than 1/200 yr), which means that they are regarded as insurable. Approximately 10 % to 12 % of total properties are in exposure zone 2 (with a flood probability between 1/50 and 1/200 yr) and only 3 % of properties are located in exposure zones 3 and 4 (with a flood probability of between 1/10 and 1/50 yr, and 1/10 yr, respectively), meaning that they have a high likelihood of being flooded (GDV, 2008) . Properties in zone 4 are considered uninsurable, whereas properties in exposure zones 2 and 3 can only be insured cpolicy conditions, such as a higher deductible. Today, the average market penetration of natural hazard insurance is between 3 % and 4 % in combination with building insurance, and 10 % in combination with household contents insurance (GDV, 2003; Landtag Rheinland-Pfalz, 2005; Bogenrieder, 2004) , but these numbers can be significantly higher in some federal states due to historical reasons. For instance, estimates of the market penetration of natural hazard insurance in combination with household contents insurance in Eastern Germany (area of the former GDR) varies between 90 % (DKKV, 2003) and 60 % to 70 % (Graff, 2000) .
The German government has compensated flood losses in the past after severe flood events, but there is no legal obligation to do so. The introduction of compulsory flood insurance backed by a state guarantee for extreme losses was discussed in Germany after the severe flood event in 2002 (e.g. Schwarze and Wagner, 2007) . In the end, it was not introduced mainly because the politicians perceived high costs for the state guarantee, there were legal objections against the compulsory nature of the insurance, conflicts existed between the different levels of government about who should pay the administrative costs, while ad hoc government compensation was regarded as an attractive means by politicians to gain support by the public and attract votes (Schwarze and Wagner, 2007) . Nevertheless, the compulsory natural disaster insurance remains an option for the future. Research on flood insurance is needed for the development of efficient risk mitigation and adaptation strategies in Germany.
Financial arrangements for flood damage in the Netherlands
In general, insurance coverage for flood damage is excluded from the usual property insurance policies in the Netherlands. After the major North Sea storm surge in 1953 many Dutch insurance companies cancelled their flood insurance policies, because the risks were considered to be too large and impossible to insure in a private market. The predecessor of the Dutch Insurers Union (Verbond van Verzekeraars) issued a binding decree in 1955 stating that its members were not allowed to insure flood risk. In 1998 this binding decree was changed into advice in order to comply with European competition laws (Faure, 2006) . Nevertheless, at present there are no major Dutch insurers that offer an insurance policy against flood damage (Botzen et al., 2010) . 3 An exception is a "catastrophe risk" insurance policy that has been available since September 2012 and provides coverage against terrorism risk, earthquakes and flooding. However, this insurance product will not result in a broad insurance coverage for flood risk in the Netherlands because it provides a rather limited coverage, it is only available for a limited number of households because of a lack of insurance capacity, and its premium is too high to attract sufficient demand. Flood risks in a small country such as the Netherlands are highly correlated, which implies that insurers could face very large losses because of a single flood event that, moreover, may be beyond the capacity of the insurance sector to cover. Part of the extreme risks could be reinsured or spread on financial markets through alternative risk transfer instruments, but this comes at a relatively high cost which consumers may be unwilling to pay. The government may partly compensate flood damage suffered by households via the "Calamities and Compensation Act" (WTS). This law enables the government to provide damage relief and operates as an ex-post compensation scheme for which no funds have been collected ex ante. Compensation of damage through the WTS can be provided if the government declares a flood as a major disaster, which is a political decision. It is, therefore, uncertain whether households receive compensation for flood damage, and nopredefined rules determine how much of the actual damage suffered the government will compensate. This arrangement 11 instance charity hazard, individual flood experiences and individual risk perceptions, as we will explain below. for compensating flood damage may be regarded as inefficient, because it provides few incentives for households to limit their risk, especially if individuals expect that the government will compensate any flood damage irrespective of the risks that they take.
Private flood insurance with risk-based premiums could be beneficial for households by providing more financial security (Botzen and van den Bergh, 2009) , and better incentives to households to limit risk (Botzen et al., 2009a) . However, introducing a (purely) private flood insurance arrangement in the Netherlands is complicated by the low-probability, high-impact nature of the flood risk. Botzen and van den Bergh (2008) propose introducing a public-private partnership to insure flood damage in the Netherlands, with a role for the government as reinsurer to overcome difficulties with insuring correlated and potentially catastrophic flood risks. Similar schemes have been proposed to insure natural disaster risks in the USA (Kunreuther, 2006; Michel-Kerjan, 2010) . Research on household demand for flood insurance provides relevant information for assessing the marketability of insurance against flood damage in the Netherlands. Figure 1 shows a schematic overview of the focus of this research. This study examines how flood insurance demand differs between the Netherlands and Germany, within the context of the differences in flood risks between these two countries. The low-probability high-impact flood risk in the Netherlands compared with the relatively mediumprobability medium-impact flood risk in Germany is likely to affect flood insurance demand. Differences in general flood risk affect individual flood insurance demand via different influences on demand which are related to, but not the same as, the general country flood risk characteristics. Such influences are for instance charity hazard, individual flood experiences and individual risk perceptions, as we will explain below.
Theoretical framework
Flood risk perceptions
In evaluating hazards, people commonly rely on intuitive risk judgments, called risk perceptions, which often differ considerably from expert assessments (Slovic, 1987 (Slovic, , 2000 . Individual perceptions of hazards are often regarded as important factors behind decision-making under risk with respect to insurance purchases and the undertaking of self-protective measures (Burn, 1999; Flynn et al., 1999) . The importance of risk perceptions in individual decision-making is rooted in subjective expected utility theory (Savage, 1954) . This theory postulates that individuals form a subjective probability of uncertain outcomes (e.g. of a flood and the damage it may cause), and subsequently decide whether to take any action to reduce this risk, for example, by purchasing insurance. A low perception of flood risks by individuals may translate into a low demand for flood insurance (Kunreuther, 1984) . Although flood risks differ within both countries, the flood frequency of the Dutch sample area of the survey is lower than the sample area in Germany. Flood risk perceptions may be lower in a country with a very low frequency of flooding, like the Netherlands, than in Germany where flood frequencies are higher, which could result in a lower demand for flood insurance by Dutch households.
Flood experience
Several studies that examined the influence of disaster experience on insurance demand and mitigation behaviour find that individuals commonly have a higher flood insurance demand after recent experiences of flooding (Browne and Hoyt, 2000; Kriesel and Landry, 2004; Zahran et al., 2009; MichelKerjan and Kousky, 2010) . This can be related to the "availability heuristic" in judging natural hazard risk, which implies that individuals judge an event as risky if it is easy to imagine or recall (Kahneman et al., 1982) . For example, individuals who have experienced a disaster may find it easier to imagine that the disaster happens again in the future and, therefore, have a higher perceived risk and demand for insurance against the risk than individuals without this experience. Individuals are more likely to experience flooding in areas with a higher flood frequency, which is expected to increase flood insurance demand in such areas. In Germany floods occurred in 2002, 2005, 2006, 2007, 2009, 2010 and 2011 , which could have increased demand for flood insurance, while damaging floods in the Netherlands may have been too long ago, i.e. more than 10 yr (Table 1) to significantly affect current demand.
Charity hazard
Individuals may decide not to purchase flood insurance because they anticipate that the government will compensate part of the damage that they may suffer because of floods, which has been called the charity hazard (Raschky and Weck-Hanneman, 2007) . Studies in several countries have shown that politicians use the provision of assistance after disasters by compensating damage for gaining political support (Besley and Burgess, 2002; Mustafa, 2003; Garrett and Sobel, 2003) . Even though there is no guarantee that government compensation of disaster damage will be efficiently provided or that it will be distributed to households who are most in need for assistance, disaster assistance is often accompanied with broad nationwide media coverage which may create household expectations that the government will also compensate their damage if they were to be affected by a flood in the future. The theoretical prediction is that government compensation of disaster damage reduces insurance demand (Lewis and Nickerson, 1989) , but the few empirical studies that exist on this topic have mixed results: namely, some studies have found that the charity hazard reduces demand for natural disaster insurance, while others found no significant effect of the charity hazard (Raschky and WeckHanneman, 2007) . Charity hazard may be an issue in both Germany and the Netherlands because the governments have stepped in to compensate flood damage in both countries. The charity hazard may be influenced by the financial arrangement that is in place for compensation of flood damage, as Fig. 1 shows. For example, the absence of private flood insurance in the Netherlands may have created high expectations that the government will step in to compensate flood damage. On the other hand, it may be expected that disaster assistance has a larger effect on the crowding out of insurance demand in areas where floods are more frequent (Germany) than in areas with less frequent floods (the Netherlands), because beliefs that the government will compensate damage may be stronger in areas where the government has already done so repeatedly in the past.
Main hypotheses
This study tests the following four main hypotheses: H1: willingness to pay (WTP) for insurance against medium-probability medium-impact flood risk in Germany is higher than WTP for insurance against lowprobability high-impact risk in the Netherlands;
H2: recent flood experience in Germany has increased demand for flood insurance more than in the Netherlands where damaging floods may have happened too long ago to significantly affect current demand;
H3: demand for flood insurance is positively related to individual flood risk perceptions. These flood risk perceptions are higher in Germany than in the Netherlands;
H4: governmental disaster assistance has a larger effect on the crowding out of insurance demand in areas where floods are more frequent (Germany) than in areas with less frequent floods (the Netherlands).
4 Collection of data on flood insurance demand and statistical methods
Data collection in Germany
After the flood events in 2002, 2005 and 2006 in the Elbe and Danube catchments in Germany (see Fig. 2 ), affected private households were interviewed by telephone in Kreibich and Thieken, 2009; Kreibich et al., , 2011 In the first survey, 1697 interviews with private households were completed, and 461 interviews were completed in the second survey. Only households who had suffered economic damage to their building or contents were interviewed. In each household the individual with the best knowledge of the flood damage was always questioned. The complete sample containing data from both surveys has slightly more female (53 %) than male respondents. The median household size is 2 people, at least one child lives in 24 % of the households. On average respondents are 52 yr old, 16 % of the respondents have a university degree as highest education level. The average after-tax household income is the answer category "between C 1500 and C 2000 per month". Both questionnaires contained more than 150 questions, which addressed the following topics: flood experience, flood impact (e.g. water level and contamination), flood damage and damage compensation, precautionary and emergency measures, as well as socio-economic characteristics. For instance, the interviewed households were asked whether they had flood insurance before the flood event happened, whether they purchased flood insurance directly after the flood event, whether they planned to purchase flood insurance within the next six months after the interview or whether contracting insurance was not intended or not possible. provide a detailed description of the survey in 2003 and the processing of data. In the second survey, questions about financial flood loss compensation and natural hazard insurance were added to the questionnaire, such as a question on the maximum amount of money people were willing to spend on natural hazards insurance. The format of this question corresponds to a commonly used open-ended contingent valuation question which asks for hypothetical intentions to purchase flood insurance and WTP which are related to, but not perfectly correlated with, actual demand and consumer behaviour (Mitchell and Carson, 1989) . Since the German interviewees all live in flood-prone areas and were recently affected by a flood event, we expect that the flood hazard will play the dominant role when deciding on the amount of money to spend on natural hazards insurance. Thus, the questions in the Dutch and the German survey are comparable, and we don't distinguish any more between natural hazard insurance and flood insurance in the remainder of this article.
Data collection in the Netherlands
In the Netherlands a stated preference survey has been conducted to obtain insights into homeowner's perception of flood risk and their willingness to pay for flood insurance. The survey took place in December 2007 and was conducted over the Internet using Sawtooth CBC software. Respondents were selected from the consumer panel of Multiscope 4 and contacted by email. This email did not specify the topic of the survey, in order to prevent selection bias. The sample consists of homeowners who live in the river delta of the Nether-4 For more information see www.multiscope.nl. lands with a flood safety standard of once in 1250 yr (the areas indicated with the letter "D" in Fig. 3 ). The resulting total number of completed questionnaires is 982. The survey was removed from the Internet once the desired number of respondents was reached. 5 The sample was set up to be representative for Dutch homeowners until an age of 60 yr. The survey elicits demand for flood insurance that covers damage to both home contents and buildings, which is why the sample excludes tenants since they do not bear the costs of flood damage to their homes. Respondents who live in apartments higher than the first floor and respondents who live outside the sample area were removed from the data. Our sample has slightly more male (58 %) than female respondents. Approximately 50 % of the respondents have at least one child who still lives at home, and 39 % have a Bachelor's or Master's degree as highest education level. On average respondents are 46 yr old. The average after-tax household income is the answer category "between C 2501 and C 3000 per month", which is close to the average after-tax income of a household who owns a house in the Netherlands, namely C 3025 per month (Statistics Netherlands, 2008) . Botzen et al. (2008) provide a detailed explanation of the survey, which was structured as follows. It starts with several questions on the experience of the respondent with flooding and evacuation because of flood threats. Although the major storm surge flood in 1953 has for most respondents been too long ago to have experienced it, smaller flood events occurred in the 1990s which almost resulted in large-scale flooding. For example, in 1995 more than 200 000 people in our sample area were evacuated because of flood threats. Subsequently, perceptions of the flood risk of homeowners are elicited using questions on the expected damage, probability and return period of flooding. The next part of the survey assesses individuals' willingness to pay for flood insurance (Botzen and van den Bergh, 2012a, b) . The insurance product valued completely covers damage to both buildings and home contents caused by river flooding. Demand for flood insurance is elicited by means of the contingent valuation method. Respondents were asked if they are in principle interested in purchasing flood insurance, and if they answer yes, how much they are at maximum willing to pay for flood insurance which provides full coverage. A slight difference with the Germany survey is that respondents were provided with a payment card in the Dutch survey on which several WTP values were shown, as a visual aid to facilitate answer- 5 The use of the consumer panel of Multiscope does not allow us to calculate the exact response rate to our survey since the survey was removed from the Internet once a pre-specified quota of completed questionnaires was reached. On average, response rates of the consumer panel are well above 20 % (www.mutiscope.nl). ing the contingent valuation question. 6 Nevertheless, we regard the results between the Dutch and German as comparable because both surveys explicitly stated that respondents could answer any amount of money that respondents were willing to spend on the insurance.
Applied statistical methods
Descriptive statistics of the answers to the surveys will be provided in Sect. 5 in order to obtain insights into demand for flood insurance in Germany and the Netherlands. A large part of the German and Dutch data are not normally distributed and, therefore, both the mean and the median answers are given. Moreover, results of statistical tests will be provided to examine relations between flood insurance demand and other variables which are expected to be of influence on demand. Statistical analyses are undertaken with the statistical software package SPSS for Windows (Version 11.5.1.). To test significant differences between independent groups of data, different methods are applied, depending on the scale of the data. Nominal-scaled data are tested using Pearson's Chi 2 test. For ordinal-, interval-or ratio-scaled data the Mann-6 These fixed categories were carefully derived from answers to open-ended questions during the pre-tests of the survey, using a method described in Rowe et al. (1996) . Whitney-U test is used for two independent groups of data, and the Kruskal-Wallis H test is applied for three or more independent groups (Norušis, 2002) . For correlation analysis Cramér's V is used in analyses of only nominal-scaled data. For data of other scales, Spearman's correlation coefficient ρ is calculated with pair-wise data exclusion. For the statistical test and correlation measures a significance level of p ≤ 0.05 is used. Due to differences in historical development of flood insurance in Western and Eastern Germany, some of the analyses are done separately for both parts of Germany.
Comparison of household demand for flood insurance
between Germany and the Netherlands
Willingness to pay for flood insurance
Based on the theoretical framework in Sect. 3, we hypothesise that the willingness to pay (WTP) for flood insurance, i.e. the amount of money people are willing to spend on flood insurance, is higher in Germany, where flood risk is characterised as a medium-probability and medium-impact risk, than in the Netherlands, where flood risk is characterised as a low-probability high-impact risk (H1). Table 2 shows the results of the question about willingness to pay for flood insurance by Dutch homeowners under the scenario in which compensation for flood damage may be obtained from the government. The WTP is an indicator of the mean of willingness to pay for flood insurance by all homeowners and is the relevant measurement for policy makers who are interested in the welfare effects of introducing flood insurance. About 70 % of the respondents have a zero WTP value under this scenario. On average, the WTP is C 2.80 per month. The conditional willingness to pay (CWTP) is the mean willingness to pay by homeowners who are willing to pay a positive amount for flood insurance. It indicates potential revenue per policy. On average, the CWTP is C 10, which is above the mean expected flood loss per insurance policy, which is equal to C 4.7 per month in price levels at the time of the survey. 7 In the second German survey that was conducted after the flood events in 2005 and 2006, private households were asked how much money they would be willing to spend per month for natural hazard insurance, including flood insurance. About 59 % of the respondents have a zero WTP value. The mean WTP and CWTP of German households are with C 26 and C 65 considerably higher than in the Netherlands (see Table 2 ). These findings confirm our hypothesis that WTP for insurance against medium-probability medium-impact flood risk in Germany is higher than WTP for insurance against low-probability high-impact flood risk in the Netherlands (H1). Minimum C 0 C 1 C 0 C 3 25th percentile C 0 C 4 C 0 C 20 50th percentile C 0 C 8 C 0 C 50 75th percentile C 2 C 10 C 30 C 100 Maximum C 80 C 80 C 500 C 500
Flood experience
We hypothesise that recent flood experience in Germany has increased demand for flood insurance more than in the Netherlands, where damaging floods may have happened too long ago to significantly affect current demand (H2). To test this hypothesis we estimate in both countries the influence of the experience of flooding and flood damage or evacuation due to flooding on demand for flood insurance. The influence of experience with flooding on insurance demand is analysed with two similar questions in the German and Dutch surveys. In the German survey households were asked whether they experienced a flood before the actual flood event and whether they purchased flood insurance before the actual flood event. Also they were asked whether they were evacuated during the actual flood event and whether they plan to purchase flood insurance in the near future. In the Netherlands households were asked whether they experienced a flood and whether they were evacuated because of an actual flood threat.
For the Netherlands it is examined whether a relation between experience with flooding and a respondents' general willingness to purchase flood insurance ("yes" or "no") can be observed. Approximately 20 % of the respondents indicated that they experienced a flood at least once during their life. The Pearson's Chi 2 test shows that no significant difference exists between individuals with and without experience of flooding and their willingness to purchase flood insurance. It is, furthermore, estimated whether a relation exists between experience with evacuation because of a threat of flooding and the willingness to purchase flood insurance. Approximately 9 % of the respondents indicated that they had been evacuated because of a flood threat. The Pearson's Chi 2 test indicates that a significant relation exists (p value < 0.01) between the experience with evacuation and the willingness to purchase flood insurance. In particular, 49 % of the homeowners who were evacuated because of flooding were willing to pay for flood insurance compared with 31 % of the homeowners who were never evacuated. Although evacuation is not directly related to flood insurance, experience with evacuation because of flood threats can make the flood risk more salient for people, which increases their demand for (financial) protection against floods.
Similar results are observed for the relation between the WTP for flood insurance and experience with floods in the Netherlands. A low Spearman's Rho correlation statistic of 0.06 is observed between the WTP for flood insurance and the experience with flooding; the WTP is significantly higher among households with flood experience (p value < 0.05). The correlation between the WTP and experience with evacuation is considerably larger (0.14) and significant at the 1 % level. Table 3 compares the influence of these experiences on flood insurance demand in Germany. Due to the differences in insurance history, we split our results up into Eastern and Western Germany. In Eastern Germany, only 19 % of the interviewed people had experienced a flood before and in Western Germany 45 % had this experience. From the people in Eastern Germany who had flood experience (n = 247), 61 % purchased flood insurance (Table 3) . At 49 %, the percentage of insured households in the group of people without flood experience is much lower. A Chi 2 -Test shows that these differences in Eastern Germany are significant (p value < 0.01 %). However, a correlation analysis shows that the correlation between the experience with flooding and the purchase of flood insurance is low (Cramér's V = 0.1). In Western Germany there is no significant difference between the demand for flood insurance between individuals who have and have not experienced a flood; in both groups the insurance density is about 20 % (Table 3) . Concerning the WTP for flood insurance, neither for Eastern nor for Western Germany was a significant influence of flood experience found.
Next, it is estimated whether a relation exists between experience with evacuation due to flooding and the willingness to purchase flood insurance in the near future. In Eastern Germany 54 % (n = 258) and in Western Germany 10 % (n = 54) of the respondents were evacuated. The Chi 2 -Test shows a significant relation only for Eastern Germany (p value < 0.05 %), with a low Cramér's V correlation of 0.1. From the respondents in Eastern Germany who experienced evacuation 24 % planned to purchase insurance, in comparison with only 15 % of the respondents without evacuation experience who planned to do so. The effects of evacuation on the level of WTP are insignificant.
Next, it is examined for Germany whether the amount of damage to buildings or building inventories influences the willingness to purchase flood insurance in the near future. For both loss categories -buildings and building inventorya Mann-Whitney-U test revealed significant differences for a 1 % significance level. Private households who planned to purchase flood insurance within the next 6 months suffered (due to the current flood) a mean building loss of C 43 424, Table 3 . Cross tabulation (in absolute values and row percentage) of private households in Eastern and Western Germany, who experienced, and who did not experience, a flood and whether or not they purchased flood insurance before the flood event.
Purchased flood insurance before the flood whereas private households who did not plan to purchase insurance, or for whom purchasing insurance was not possible, only had a mean loss of C 24 670. Furthermore, it is examined whether the amount of occurred loss influenced the amount of money people would spend on natural hazard insurance. A significant correlation of 0.22 (Spearman's Rho, pair-wise data exclusion, significance level of p < 0.01 %) was found between building loss and the amount of money private households would spend on natural hazard insurance. The correlation is higher for inventory loss, namely 0.31 using the same test. When building losses were lower than C 5000, only 4 % of the private households were willing to spend more than C 100 per month on natural hazard insurance, whereas 25 % were willing to pay this amount of money when they suffered building losses of more than C 50 000 (see Fig. 4) . A similar analysis is not conducted for the Netherlands because almost none of the respondents of the Dutch survey has ever experienced flood damage, which is due to the rarity of damaging flood events.
In summary, the results of the influence of flood experience on flood insurance demand are mixed. Flood experience has no significant influence on demand for flood insurance in the Netherlands, while more people purchased flood insurance when they experienced a flood before in Eastern Germany, but not in Western Germany. Experience with evacuation has a positive effect on flood insurance in the Netherlands as well as in Eastern Germany, but not in Western Germany. It is difficult to explain why flood experiences have different impacts on flood insurance demand in these different regions. The correlations between flood experience and willingness to purchase flood insurance are low in both Germany and the Netherlands. In contrast, the previous flood damage correlates strongly with WTP for flood insurance in Germany, while this effect cannot be observed in the Netherlands because hardly any Dutch respondents actually suffered flood damage. Overall these findings are consistent with research showing that more intense experiences with a hazard (such as evacuation or damage) increases protective behaviour (e.g. Riad et al., 1999) . Concerning our hypothesis (H2) we can conclude that such intense experiences, and in particular experience with damage, which are more likely to occur in Germany than in the Netherlands, can partly explain the higher level of WTP for flood insurance in Ger-26 purchasing an insurance was not possible, only had a mean loss of €24,670.
Furthermore, it is examined whether the amount of occurred loss, influenced the amount of money people would spend on natural hazard insurance. A significant correlation of 0.22 (Spearman-Rho, pair-wise data exclusion, significance level of p < 0.01%) was found between building loss and the amount of money private households would spend on natural hazard insurance. The correlation is higher for inventory loss, namely 0.31 using the same test. When building losses were lower than €5,000, only 4% of the private households were willing to spend more than €100 per month on natural hazard insurance, whereas 25% were willing to pay this amount of money when they suffered building losses of more than €50,000 (see Figure 4) . A similar analysis is not conducted for the Netherlands because almost none of the respondents of the Dutch survey have ever experienced flood damage, which is due to the rarity of damaging flood events. many, while other explanations such as flood risk perceptions (see Sect. 5.3) and the charity hazard (see Sect. 5.4) also contribute to this higher WTP.
Flood risk perceptions
As outlined in the theoretical framework in Sect. 3, we hypothesise that flood risk perceptions are lower in a country with a very low frequency of flooding like the Netherlands than in Germany where flood frequencies are higher, which results in a lower demand for flood insurance by Dutch households (H3).
The perception of the flood probability by respondents is similarly measured in both surveys on a scale from 1 to 6. Respondents were asked to rate the probability of a flood occurring in their living area on a qualitative scale with the options: (1) "I do not have any flood risks"; (2) "very low"; (3) "low"; (4) "not low/not high"; (5) "high"; (6) "very high"; and (7) "don't know". The answers to this question are shown in Table 4 from which it is apparent that the large majority of respondents (>70 %) perceives that he/she has a low or very low flood probability or faces no flood risk at all. Next, it is examined whether the respondents' perception of the flood probability influences their willingness to purchase flood insurance. The Pearson's Chi 2 test is applied because the perceived flood probability is an ordinal variable with more than two categories. Results of this test for the Dutch data indicate that the perception of the flood probability significantly Table 4 . Respondents' perceived flood probability (in % of total respondents) and corresponding mean willingness to pay for flood insurance (in C per month).
Perceived flood probability
The Netherlands The Netherlands Germany Germany N = 932 N = 932 N = 299 N = 299
(1) I do not have any flood risks 10.5 % C 0.96 6.7 % C 13.15 (2) determines the willingness to purchase flood insurance (at the 1 % level). The willingness to insure is considerably larger for respondents with an elevated risk perception (76 % and 71 % for categories 5 and 6) compared with respondents with a low risk perception (12 % and 17 % for categories 1 and 2). Moreover, a high Spearman's Rho correlation statistic (0.37) is observed between the WTP for flood insurance and the perceived flood probability that is highly significant (at the 1 % level). The relation between the WTP for flood insurance and the perceived flood probability is shown in Table 4 , which shows that respondents with a high perception of the flood probability (categories 5 and 6) have a much higher WTP than respondents with a low risk perception (categories 1, 2 and 3). Results of statistical analyses of relations between flood risk perceptions in the Netherlands and indicators of actual flood risk have been reported by Botzen et al. (2009b) who show that these flood risk perceptions are at least partly related to actual flood risk. German interviewees were asked to estimate the probability of a future flooding of their house or flat on a scale from 1 (very low probability) to 6 (very high probability) which has a similar scale as was used in the Dutch survey. The results in Table 4 show that flood risk perceptions in Germany are substantially higher than in the Netherlands. More than 50 % of the respondents perceive their flood probability as high or very high. The results were compared with the amount of money people were willing to spend on natural hazard insurance. A Spearman's Rho correlation coefficient of 0.2 (p < 0.01 %) revealed a highly significant positive correlation of the perceived flood probability with the WTP. Except for the flood probability category 4, the mean WTP increases with increasing estimates for flood probabilities (Table 4) .
In order to arrive at an indicator of expected flood losses, the Dutch survey asked how much total damage households expect to suffer once a flood occurs. Average expected flood damage is C 70 000 (Botzen et al., 2009b) . It is examined whether homeowners who indicate that they expect to suffer larger flood damage are more likely to purchase flood insurance than homeowners who expect to suffer less flood damage. The Mann-Whitney-U test indicates that significant differences exist between the amount of flood damage individuals expect and their willingness to purchase flood insurance (p value < 0.01). Households willing to purchase flood insurance expect to suffer on average flood damage of C 108 000, while this is C 51 000 for households who do not want to purchase flood insurance. A significant Spearman's Rho correlation of 0.2 can be observed between the amount households willing to pay for flood insurance and the amount of damage they expect to suffer as a result of flooding (p value < 0.01). In particular, Fig. 5 indicates that a positive relation exists between the expectations of suffering very large damage (>C 50 000) and the largest category of WTP for flood insurance (>C 10). These results are consistent with the observed relation between past flood losses and flood insurance demand in Germany (see Sect. 5.2).
In summary, the findings support our hypothesis that the demand for flood insurance is strongly positively related to individual flood risk perceptions (H3). Flood risk perceptions are higher in Germany than in the Netherlands, which is consistent with the actual differences in flood frequencies, and contributes to the higher WTP for flood insurance in Germany.
Charity hazard
Our fourth hypothesis is that governmental disaster assistance has a larger effect on the crowding out of insurance Table 5 . Comparison of the WTP for flood insurance by households who received or did not receive governmental compensation for flood damage in Germany and Dutch private households, who can obtain or cannot obtain governmental compensation for flood damage.
Germany
The demand in areas where floods are more frequent (Germany) than in areas with less frequent floods (the Netherlands), because expectations that the government will compensate damage may be stronger in areas where the government has already done so repeatedly in the past (H4).
In the German survey, two separate questions asked whether households obtained financial governmental aid after recent flood events and whether they plan to purchase flood insurance in the near future. A comparison of the answers to these questions indicates whether the receipt of governmental aid influences their demand for flood insurance. A Chi 2 -Test reveals no significant difference between people who received or did not receive governmental compensation for flood damage with respect to their intention to purchase flood insurance.
In addition, it is examined using the second German survey whether the receipt of governmental flood compensation in the past has an influence on the amount of money people are willing to spend on flood insurance. On average, people who did not obtain governmental flood aid were willing to spend C 2 more per month on flood insurance than people who did obtain governmental aid (Table 5) . However, this difference is not statistically significant.
The Dutch survey elicited flood insurance demand with different questionnaire versions of scenarios explaining that partial compensation for flood damage is available from the government and a version explaining that such compensation is no longer granted, but that instead only private insurance can be purchased. The result shows that approximately 28 % of the respondents are willing to pay for flood insurance if damage relief is available, while this proportion is 36 % if damage relief is no longer granted. The Pearson's Chi 2 test indicates that this difference is significant (p value < 0.01).
On average, the WTP for flood insurance is larger in the Netherlands if the government does not provide compensation of flood damage compared with a situation in which this relief is available. Table 5 shows that although this difference is small in absolute values (about C 1.5 per months), it is large in a relative sense. In particular, the WTP is approximately 70 % larger in the case where the government does not provide damage relief. A Mann-Whitney-U test indicates that the WTP for flood insurance in the Netherlands is significantly higher (p value < 0.01), if the government provides no relief after floods and damage can only be compensated through private insurance.
Different results are obtained about the influence of government relief on insurance demand in Germany and the Netherlands. Whereas in the Netherlands the existence of a governmental compensation scheme seems to hamper the development of a private flood insurance market, this is not the case in Germany. These results contradict the hypothesis (H4) that the more frequent experience of governmental aid in Germany has a larger effect on the crowding out of insurance demand in comparison to areas with less frequent floods, like the Netherlands. A more important factor may be in how far individuals in both countries rely on the government for obtaining compensation for flood damage. The absence of private insurance in the Netherlands may have created stronger expectations that the government will compensate flood damage than in Germany where private flood insurance is available. Moreover, the Dutch may perceive a flood as a relatively rare event with catastrophic potential, a situation in which a government response to compensate damage may be strongly expected.
Conclusions
Flood risk is characterised as a low-probability high-impact risk in the Netherlands and as a comparatively mediumprobability medium-impact risk in Germany. These differences in risks have also influenced the different flood loss compensation schemes that are in place. Using a theoretical framework (Fig. 1) this study compared the empirical results of two interview surveys of households and analysed how flood insurance demand in the Netherlands and Germany differs according to a variety of influences on this demand which are related to differences in flood risk between these two countries, such as individual flood experiences, individual flood risk perceptions and the charity hazard.
The analyses confirm our hypothesis that WTP for insurance against medium-probability medium-impact flood risk in Germany is higher than WTP for insurance against lowprobability high-impact risk in the Netherlands. Concerning the individual factors, it is shown:
-that intense experiences such as evacuation or damage can partly explain the higher level of WTP for flood insurance in Germany;
-that the demand for flood insurance is strongly positively related to individual risk perceptions and that risk perceptions are higher in Germany than in the Netherlands;
-that the absence of private insurance and catastrophic nature of flood risk in the Netherlands may have created stronger expectations that the government will compensate flood damage than in Germany where private flood insurance is available, which partly explains the lower level of WTP in the Netherlands.
The comparison of flood insurance demand in Germany and the Netherlands provides relevant information for policy makers who are involved in the design of flood insurance schemes and insurers. Although in the Netherlands flood risks are not generally covered in property insurance policies, results of the survey show that many Dutch homeowners have a positive WTP for flood insurance which indicates that opportunities may exist for introducing flood insurance coverage. However, experience with flood insurance in Germany suggests that despite a sufficiently high demand for flood insurance among a certain part of the population, the market penetration of voluntary insurance will be far from full coverage, which would create pressure on the government to compensate damage of uninsured households after a flood event. An implication of our results of the influence of the charity hazard on flood insurance demand in the Netherlands is that the existence of possible government compensation for flood damage crowds out demand for private flood insurance. A possible solution for this may be to make insurance compulsory as discussed in Germany. Our findings that individual flood risk perceptions are positively related to flood insurance demand in both countries suggest that another way to increase uptake of insurance could be to undertake information campaigns aiming at increasing awareness of flood risks. Such an information campaign could be especially relevant for the Netherlands where actual experiences with flooding are rare, which can result in insufficient preparedness for flooding according to our results; such a campaign could also have merit for Germany. Future research could examine why flood experiences have different impacts on flood insurance demand in different regions.
